The involuntary tremors seen in patients with Parkinson's disease remain a poorly understood phenomenon. Tremors are thought by many observers to be generated in the basal-gangliathalamic structures and then transmitted to the anterior horn cells via the spinal cord (Jasper and Bertrand, 1966) . The cessation of the tremor after lesions are made in the globus pallidus or ventral thalamus would support this theory (Markham and Rand, 1963) , as would the observation that individual cells in the ventral thalamus can be shown to fire synchronously with the spontaneous tremor seen in the contralateral limb (Cordeau, Gybels, Jasper, and Poirier, 1960; Lamarre and Cordeau, 1963; Jasper and Bertrand, 1966) . Other investigators have emphasized the role of the spinal cord in generating the tremor (Jung, 1941) . The clinical observation that the tremor rate in the hand and foot in an individual patient can be independent of each other would suggest that more peripheral structures are in control of the tremor. Aronson (1966) has considered the possibility that the tremor is the result of upsetting the delicate balance of control of the motor system, which implicates the sensory system, reticular apparatus, cerebrum, cerebellum, the basal ganglia, and thalamic structures.
METHODS
Five patients with Parkinson's disease and a gross resting tremor were studied. Continuous electromyographic recordings were made of the activity in the right and the left extensor digitorum longus muscle by means of coaxial electromyographic needles inserted into the belly of the muscle. The electrical activity of the muscle was recorded on a cathode ray oscillograph and many 2 sec periods, taken at random, were photographed for analysis. Random single 05 msec duration, square wave, supra maximal stimulation was given to ipsilateral or contralateral median or ulnar nerve at the wrist. The nerve stimulation was given during the first 200 msec of the 2 sec period photographed, so that the immediate effect of the nerve stimulation could be photographed and analysed.
The 2 sec periods were thus divided into: (a) control tremor period, (b) experimental periods which contained a supra maximal nerve stimulation. The effect of the nerve stimulation was studied by measuring the intervals between the centres of each tremor burst and noting the number of motor units firing and the maximum voltage of the motor units. Thus for each extensor digitorum muscle tremor studied, five different categories of 2 sec periods were photographed and analysed. At least 20, 2 sec periods were analysed in each of these categories:
A. Control tremor of extensor digitorum longus muscle. B. Tremor after ipsilateral median nerve stimulation. C. Tremor after ipsilateral ulnar nerve stimulation. D. Tremor after contralateral median nerve stimulation. E. Tremor after contralateral ulnar nerve stimulation. The intervals between each tremor burst were first measured and analysed. Templates of the control tremor were made and then compared with the experimental period. The tremor intervals in each 2 sec control period were remarkably regular and, therefore, after measuring the first two tremor bursts, the subsequeDt tremor bursts could be accurately predicted. Thus we could determine if the nerve stimulation experiments changed the tremor and whether the reasserted regular tremor occurring after the nerve stimulation was or was not in phase with the prestimulation bursts. The 'predicted tremor pattern' is therefore that exact tremor pattern expected had not nerve stimulation been given.
RESULTS
Each patient had the tremor in the right and the left extensor digitorum longus muscle studiedasdescribed in the method. Five patients were studied. The result of the experimental 2 sec period could be divided as follows: The post-stimulation tremor interval revealed:
A (Fig. 1) . The intervals varied less than 60% within the short 2 sec periods. Changes in the spontaneous tremor bursts varied as much as 30 % in the same muscle when the tremor was measured 15 to 20 minutes later. The changes in the tremor intervals which occurred without nerve stimulation occurred gradually and were not a significant problem when short periods-that is, 2 sec periodswere analysed.
The random ipsilateral stimulation of the ulnar or median nerves at the wrist had a dramatic effect on the tremor burst patterns seen in the extensor digitorum longus muscle (Figs. 2a and b) . The change in tremor pattern was predictable and occurred in over 75 % of the 2 sec period recordings containing the random nerve stimulation. The most common change in the tremor was a decrease in the tremor interval and a subsequent change in the predicted tremor pattern. The post-stimulation tremor bursts were thus out of phase with the pre-stimulation tremor bursts and thus the pattern of the tremor appeared to be 'reset' by the peripheral nerve stimulation.
The shortened interval increased gradually on subsequent spontaneous tremor bursts and returned to the control value after three or four bursts which represented in total 750 to 1,000 msec. The exact portion of the tremor cycle in which the electrical stimulation occurred at the wrist did not appear to be critical. The stimulation occurred at random and was observed before a burst, after a burst, and sometimes during a burst. In all these circumstances a decrease in the subsequent tremor interval was a consistent finding in all patients. There was no difference in the response of the tremor pattern of the extensor digitorum muscle when either the ulnar or median nerve was stimulated (Figs. 2a and b) .
Contralateral nerve stimulation induced equivocal changes in the post-stimulation bursts (Fig. 3) . Seventy per cent of the contralateral experiments did not reveal any change in the post-stimulation tremor whereas 30% showed minimal changes of up to 50% when 20 sweeps were averaged (see Fig. 4 ).
In order to define more clearly the observed changes, 20 consecutive 2 sec periods were averaged in each category for the tremor in one muscle (Fig. 4 , Table I ). after contralateral ulnar or median nerve stimulation to 260 msec and to 262 msec respectively. This represents a difference of 5 % (Fig. 4) .
DISCUSSION
Previous work on the effect of peripheral nerve stimulation on the spontaneous tremor in the Parkinson patient has been scanty. Liberson (1962) noted a change in the tremor pattern when the ipsilateral arm nerve was stimulated. There was a tendency for the tremor interval immediately after the nerve stimulation to shorten but the exact pattern of change was not reported. Hufschmidt (1962) did similar experiments and reported that the initial tremor burst interval after the nerve stimulation was shortened, but he found that subsequent tremor intervals were all identical with the tremor in the control period. He used this type of data to support his thesis that the genesis of the Parkinsonian tremor is in the spinal cord and not in higher structures. The nerve stimulation, however, affects all levels of the nervous system, and therefore this type of data does 2 not appear to prove the locale of the tremorgenic area, if such a centre exists.
The genesis of the tremor of Parkinsonism has interested many observers in the past. The often quoted experiment by Pollock and Davis (1930) is usually cited to indicate that sensory input from the limb is not necessary for tremor. They cut the posterior roots of a patient with Parkinsonism and did not observe a decrease in the tremor. Such experiments have also been done by Stein and Carpenter (1965) in the monkey after experimental dyskinesia experiments. Again their results indicated that sensory input from the limb is not necessary for maintenance of the tremor. Hoefer and Putman (1940) studied the spontaneous Parkinsonian tremor in man with electromyography. They noted an alternation of the tremor between synergists and antagonists, but also cited examples of asynchronous tremor bursts in the same limb or in the ipsilateral limbs. Jung (1941) Cordeau et al. (1960) have shown that in animals with experimental tremor there are rhythmic bursts of single cells in the cerebrum, putamen, globus pallidus, and the ventrolateral thalamus which are synchronous with the electromyogram of the contralateral limb. As the rhythmic single cell activity in these units could be the result of sensory input from the moving contralateral limb, Flaxedil was given, which caused a complete paralysis of the limb by blockade of the neuromuscular junction. The 4 to 5 sec activity in these units persisted. This gave evidence that there is a tremorgenic region in higher structures and that such activity in the thalamus is not due to sensory input. Lamarre and Cordeau (1963) described ventrolateral thalamic unit discharges which were synchronous with the contralateral tremor, but also reported that at times the rhythmic bursts continued in the thalamus after the tremor in the limb stopped. Jasper and Bertrand (1966) and Albe-Fessard, Guiot, Lamarre, and Arfel (1966) The relatively long period of time for the return to the control tremor interval implies that multiple neurones are involved in the phenomenon.
It was also noted that the number of motor units in the tremor burst after nerve stimulation was decreased and that the voltage was decreased. Hufschmidt (1962) noted this decrease in voltage and number of motor units and suspected that the subsequent decrease in tremor intervals was caused by the change in afferent muscle stimulus firing into the spinal cord. A definite statement concerning the relationship of the interval of the tremor burst and the voltage and number of motor units in previous tremor burst is not possible from our data.
CONCLUSION
The spontaneous tremor of the extensor digitorum muscle of the patient with Parkinsonism can be modulated andaltered by ipsilateral nerve stimulation of the distal median or ulnar nerve. The interval of the post-stimulation tremor bursts was decreased when compared with control values. Contralateral nerve stimulation did not change this pattern in a comparable manner, although there was a slight change in the initial interval. The significance of the phenomena described is not clear. The area of the sensory-motor interaction which modulates the tremor burst interval was not established.
